Introduction {#S0001}
============

Sudden cardiac arrest (SCA) is an important medical, social, and economic problem. It exerts a significant burden on the health care system and its various elements, requiring multifaceted action and financial expenditure \[[@CIT0001]\]. Depending on the location in which it occurs, SCA can be classified as out-of-hospital (OHCA) or in-hospital (IHCA). These separate nosological entities are often associated with different etiology, prevalence, management, and prognosis \[[@CIT0001]\].

Despite the progress made in the field of cardiopulmonary resuscitation (CPR), the prognosis for OHCA remains unfavorable and depends on many demographic and clinical variables as well as on the circumstances of the SCA, its mechanisms, and its reversibility \[[@CIT0002]\]. The extent of action taken to prevent post-resuscitation syndrome is also not without bearing \[[@CIT0002]\].

In view of international reports, the established predictors of CPR success and variables improving SCA prognosis include male sex, a shockable cardiac rhythm, the presence of a witness, prompt CPR, short duration of CPR, restoration of consciousness, and the lack of signs of shock or multiple organ dysfunction syndrome \[[@CIT0001], [@CIT0002]\]. However, the amount of current national data on the subject is unsatisfactory.

Aim {#S0002}
===

The study aims to identify the risk factors for prehospital death in patients after OHCA in Bielsko County.

Material and methods {#S0003}
====================

Ambulance dispatch cards used by the Emergency Medical Services (EMS) teams in Bielsko-Biala in 2013 (*n* = 23 400) were analyzed retrospectively. The study included dispatch cards pertaining to cases of SCA (*n* = 276). Patients below 18 years of age were excluded from the study (*n* = 4). Ultimately, 272 dispatch cards were analyzed. During the analyzed period, the county featured 7 EMS substations serving the city of Bielsko-Biala and the following communes: Bestwina, Buczkowice, Czechowice-Dziedzice, Jasienica, Jaworze, Kozy, Porabka, Szczyrk, Wilamowice, and Wilkowice. The EMS stations maintain 6 specialized and 5 standard ambulances in a state of around-the-clock readiness.

The information was gathered based on standard dispatch cards issued to the EMS teams. The potential mortality risk factors included basic demographic characteristics, variables associated with the circumstances, potential cause, and mechanism (the initially diagnosed rhythm) of OHCA, actions taken by witnesses (presence of witnesses at the scene, bystander CPR, the use of an automatic external defibrillator) and by the EMS team (ambulance response time, actions taken at the scene, duration of CPR, result of CPR). The primary endpoint was prehospital death defined as death diagnosed after the EMS team\'s arrival without CPR or the failure of CPR performed by the EMS team after arriving at the scene.

Statistical analysis {#S20004}
--------------------

Statistical analysis was conducted based on procedures available in the licensed software MedCalc (v14). Quantitative variables are presented as medians (and interquartile ranges; IQR, 25^th^--75^th^ percentile). Qualitative variables are presented as absolute values and percentages. Differences in quantitative variables between the groups were examined with parametric (Student\'s *t*) or nonparametric (Mann-Whitney *U*) tests based on the type of variable distribution. The distribution was verified with the Kolmogorov-Smirnov test. A χ^2^ test or Fisher\'s exact test was used for qualitative variables. Odds ratios (OR) with 95% confidence intervals (95% CI) were used to assess the relationships between qualitative variables. In order to assess the risk of prehospital mortality, the results of basic analyses were repeated in multivariate analysis, using forward stepwise logistic regression. Variables with *p* \< 0.1 in intergroup comparisons were included. Logistic odds ratios (logOR) and their 95% confidence intervals were estimated. The model\'s diagnostic accuracy was verified based on the area under the receiver operating characteristic curve (AUROC) and its statistical significance. The ultimately accepted criterion of significance was *p* \< 0.05.

Results {#S0005}
=======

Out of the 272 analyzed calls, in 67 cases (45 men, 22 women), death was pronounced after the arrival of the EMS team, and CPR was not attempted. In the remaining 205 cases, CPR was conducted; it was unsuccessful in 141 individuals (97 men, 44 women).

The potential risk factors for death without CPR (i.e., in the group of 67 victims) are presented in [Table I](#T0001){ref-type="table"}. The duration of bystander CPR (*p* = 0.5) ([Fig. 1](#F0001){ref-type="fig"}) and ambulance response time (*p* = 0.2) ([Fig. 2](#F0002){ref-type="fig"}) had no bearing on the results.

![Duration of bystander cardiopulmonary resuscitation (CPR) vs. no CPR by the emergency medical services (EMS) team after arriving at the scene. The diagram presents the median and interquartile range (box), dispersion (whiskers), outlying values (small circles), and extreme values (small squares)](KITP-13-28296-g001){#F0001}

![Ambulance response time vs. no cardiopulmonary resuscitation (CPR) by the emergency medical services (EMS) team after arriving at the scene. The diagram presents the median and interquartile range (box), dispersion (whiskers), and outlying values (small circles)](KITP-13-28296-g002){#F0002}

###### 

Potential risk factors for death with no CPR attempted by the EMS team after arriving at the scene (in 67 vs. 205 victims)

  Variable                                 Death (*n*/*N*)   OR (95% CI)   *P*-value                              
  ---------------------------------------- ----------------- ------------- -------------------------------------- ----------
  Male sex                                 Yes               45/190        1.18 (0.60--2.06)                      0.6
  No                                       22/82                                                                  
  Age \[in whole years\]                   \+                79 (66--86)   1.04 (1.01--1.06)                      0.002
  --                                       68 (60--77)                                                            
  OHCA during the weekend                  Yes               20/79         1.05 (0.58--1.93)                      0.9
  No                                       47/193                                                                 
  OHCA in a public place                   Yes               8/49          0.54 (0.24--1.22)                      0.1
  No                                       59/223                                                                 
  Ambulance called by a family member      Yes               51/210        1.07 (0.52--2.21)                      0.9
  No                                       12/47                                                                  
  OHCA without the presence of witnesses   Yes               49/108        6.74 (3.63--12.51)                     \< 0.001
  No                                       18/146                                                                 
  No bystander CPR                         Yes               144/152       17.41 (7.85--38.62)                    \< 0.001
  No                                       61/120                                                                 
  No bystander defibrillation              Yes               67/271        0.99 (0.04--24.60)                     0.99
  No                                       0/1                                                                    
  No bystander cardiac massage             Yes               66/125        327.47 (19.94--5377.21)                \< 0.001
  No                                       0/146                                                                  
  No bystander ventilation                 Yes               0             --[\*](#TF0001){ref-type="table-fn"}   --
  No                                       0                                                                      
  Non-shockable rhythm                     Yes               67/166        145.0 (8.83--2365.53)                  \< 0.001
  No                                       0/106                                                                  

Impossible to assess. OHCA -- out-of-hospital sudden cardiac arrest, CPR -- cardiopulmonary resuscitation

The CPR failure (in the group of 205 victims who underwent CPR) was more frequent when the OHCA occurred without the presence of witnesses (OR = 2.5; 95% CI: 1.2--5.2; *p* = 0.01) or in a public place (OR = 2.95; 95% CI: 1.5--6,0; *p* = 0.003), when no bystander CPR was provided (OR = 5.0; 95% CI: 2.1--11.9; *p* = 0.01), no cardiac massage was attempted (OR = 5.8; 95% CI: 2.4--14.4; *p* \< 0.001), and the initial rhythm was non-shockable (OR = 3.8; 95% CI: 2.0--7.4; *p* \< 0.001). Individuals receiving more CPR medications had a higher chance of being resuscitated (OR = 0.4; 95% CI: 0.2--0.7; *p* = 0.001). The duration of CPR conducted by a witness (*p* = 0.4) ([Fig. 3](#F0003){ref-type="fig"}) or the EMS team (*p* = 0.6) ([Fig. 4](#F0004){ref-type="fig"}) and ambulance response time (*p* = 0.2) ([Fig. 5](#F0005){ref-type="fig"}) had no bearing on the results. The potential risk factors for the failure of CPR attempted by the EMS team after arriving at the scene are presented in [Table II](#T0002){ref-type="table"}.

![Duration of bystander cardiopulmonary resuscitation (CPR) vs. CPR failure. The diagram presents the median and interquartile range (box), dispersion (whiskers), outlying values (small circles), and extreme values (small squares)](KITP-13-28296-g003){#F0003}

![Duration of cardiopulmonary resuscitation (CPR) by the emergency medical services (EMS) team vs. CPR failure. The diagram presents the median and interquartile range (box), and dispersion (whiskers)](KITP-13-28296-g004){#F0004}

![Ambulance response time vs. cardiopulmonary resuscitation (CPR) failure. The diagram presents the median and interquartile range (box), dispersion (whiskers), outlying values (small circles), and extreme values (small squares)](KITP-13-28296-g005){#F0005}

###### 

Potential risk factors for the failure of CPR attempted by the EMS team after arriving at the scene (in 205 vs. 272 victims)

  Variable                                                         Death (*n*/*N*)   OR (95% CI)   *P*-value             
  ---------------------------------------------------------------- ----------------- ------------- --------------------- ----------
  Male sex                                                         Yes               97/145        1.36 (0.70--2.66)     0.4
  No                                                               44/60                                                 
  Age \[in whole years\]                                           \+                69 (61--77)   1.01 (0.99--1.03)     0.4
  --                                                               65 (58--77)                                           
  OHCA during the weekend                                          Yes               39/59         1.19 (0.62--2.26)     0.6
  No                                                               102/146                                               
  OHCA in a public place                                           Yes               20/41         2.95 (1.50--6.0)      0.003
  No                                                               121/164                                               
  Ambulance called by a family member                              Yes               111/159       0.51 (0.24--1.08)     0.08
  No                                                               19.35                                                 
  OHCA without the presence of witnesses                           Yes               48/59         2.49 (1.19--5.20)     0.01
  No                                                               93/146                                                
  No bystander CPR                                                 Yes               54/61         5.05 (2.15--11.89)    \< 0.001
  No                                                               87/144                                                
  No bystander defibrillation                                      Yes               141/204       6.68 (0.27--166.37)   0.2
  No                                                               0/1                                                   
  No bystander cardiac massage                                     Yes               53/59         5.82 (2.35--14.42)    \< 0.001
  No                                                               88/146                                                
  No bystander ventilation                                         Yes               1/13          5.14 (0.58--45.69)    0.1
  No                                                               9/30                                                  
  Non-shockable rhythm                                             Yes               82/99         3.84 (2.01--7.36)     \< 0.001
  No                                                               59/106                                                
  Number of administered CPR medications \[per medication type\]   \+                2 (1--2)      0.40 (0.23--0.70)     0.001
  --                                                               2 (2--2)                                              

OHCA -- out-of-hospital sudden cardiac arrest, CPR -- cardiopulmonary resuscitation

In short, the prehospital mortality risk factors (i.e., in 272 patients) included: OHCA without witnesses (OR = 4.2; 95% CI: 2.1--8.5; *p* \< 0.001), OHCA in a public place (OR = 3.1; 95% CI: 1.6--6.0; *p* \< 0.001), no bystander CPR (OR = 9.7; 95% CI: 4.2--22.2; *p* \< 0.001), no bystander cardiac massage (OR = 13.1; 95% CI: 5.4--31.6; *p* \< 0.001), and initial diagnosis of a non-shockable cardiac rhythm (OR = 7.0; 95% CI: 3.7--13.1; *p* \< 0.001). Individuals receiving more CPR medications had a higher chance of being resuscitated (OR = 0.4; 95% CI: 0.2--0.7; *p* = 0.001) ([Table III](#T0003){ref-type="table"}). The individuals whose resuscitation failed were older (median: 72 years, IQR: 61--82) than the ones who were transferred to the hospital after successful CPR (median: 65 years, IQR: 58--77) (*p* = 0.06) ([Fig. 6](#F0006){ref-type="fig"}).

![Age vs. prehospital death. The diagram presents the median and interquartile range (box), dispersion (whiskers), and outlying values (small circles)](KITP-13-28296-g006){#F0006}

###### 

Potential risk factors for prehospital death (in 272 victims)

  Variable                                                         Death (*n*/*N*)   OR (95% CI)   *P*-value             
  ---------------------------------------------------------------- ----------------- ------------- --------------------- ----------
  Male sex                                                         Yes               142/190       1.39 (0.74--2.64)     0.3
  No                                                               66/82                                                 
  Age \[in whole years\]                                           \+                72 (61--82)   1.02 (0.99--1.04)     0.09
  --                                                               65 (58--77)                                           
  OHCA during the weekend                                          Yes               59/79         1.15 (0.62--2.11)     0.7
  No                                                               149/193                                               
  OHCA in a public place                                           Yes               28/49         3.14 (1.63--6.05)     \< 0.001
  No                                                               180/223                                               
  Ambulance called by a family member                              Yes               162/210       0.57 (0.29--1.14)     0.1
  No                                                               31/47                                                 
  OHCA without the presence of witnesses                           Yes               97/108        4.21 (2.08--8.51)     \< 0.001
  No                                                               111/164                                               
  No bystander CPR                                                 Yes               113/120       9.69 (4.22--22.24)    \< 0.001
  No                                                               95/152                                                
  No bystander defibrillation                                      Yes               208/271       9.85 (0.40--244.81)   0.2
  No                                                               0/1                                                   
  No bystander cardiac massage                                     Yes               119/125       13.07 (5.40--31.66)   \< 0.001
  No                                                               88/146                                                
  No bystander ventilation                                         Yes               1/13          5.14 (0.58--45.65)    0.1
  No                                                               9/30                                                  
  Non-shockable rhythm                                             Yes               149/166       6.98 (3.72--13.13)    \< 0.001
  No                                                               59/106                                                
  Number of administered CPR medications \[per medication type\]   \+                2 (1--2)      0.40 (0.23--0.70)     0.001
  --                                                               2 (2--2)                                              

OHCA -- out-of-hospital sudden cardiac arrest, CPR -- cardiopulmonary resuscitation

Ultimately, in logistic regression, only the lack of cardiac massage (logOR = 6.5; 95% CI: 2.1--18.0; *p* \< 0.001) and non-shockable rhythm (logOR = 4.6; 95% CI: 2.2--10.0; *p* \< 0.001) proved to be independent determinants of prehospital death. The model had good diagnostic accuracy (AUROC = 0.801; 95% CI: 0.742--0.851; *p* \< 0.001).

Discussion {#S0006}
==========

An important step in improving the still unfavorable prognosis of OHCA is to identify its potential predictors. In our material, they were ultimately identified as: no cardiac massage by witnesses/bystanders and non-shockable rhythm of SCA. These two variables alone enabled the prediction of prehospital death in as many as 80% of cases.

These observations are in accordance with the data from the relevant Polish literature. Rudner *et al*. \[[@CIT0003]\] demonstrated in a population of Katowice inhabitants that individuals in whom OHCA occurred in the presence of witnesses had a two times higher chance of being admitted to a hospital (OR = 2.2; 95% CI: 1.1--4.6) and an almost four times higher chance of being discharged from the hospital (OR = 3.9; 95% CI: 0.9--18). Furthermore, the performance of CPR by a bystander was associated with a 3-fold increase in the chance of CPR success (OR = 3.2; 95% CI: 1.4--4.5) and hospital discharge (OR = 2.7; 95% CI: 1.1--5.3), while shockable cardiac rhythm was associated with a 4-fold increase in the chance of survival until hospital admission after OHCA (OR = 3.9; 95% CI: 1.9--7.7) and hospital discharge (OR = 3.5; 95% CI: 1.2--10.3), regardless of the extent of neurological injury \[[@CIT0003]\]. On the other hand, in a study conducted among the adult population of Szczecin by Jankowski \[[@CIT0004]\], the success of prehospital resuscitation depended only on its duration, while the presence of witnesses and their participation in CPR had no significant effect on survival; this was explained by the small percentage of cases in which the witnesses provided aid to the SCA victims.

Our results are also in accordance with international observations reported in studies from Sweden \[[@CIT0005]\], Denmark \[[@CIT0006]\], Korea \[[@CIT0007]\], Australia \[[@CIT0008]\], Japan \[[@CIT0009]\], Spain \[[@CIT0010]\], Canada \[[@CIT0011]\], France \[[@CIT0012]\], Singapore \[[@CIT0013]\], and Austria \[[@CIT0014]\]. The reports cited above primarily underscored the role of early bystander CPR before the arrival of emergency teams, including bystander defibrillation \[[@CIT0005]--[@CIT0007], [@CIT0009]--[@CIT0011], [@CIT0013], [@CIT0014]\].

In this context, it is worthwhile to note that, in multivariate analysis, it was the lack of cardiac massage (and not necessarily other types of resuscitation) that was a predictor of prognosis, regardless of the SCA mechanism. This can be most likely attributed to the marginal number of cases in which the witnesses used automatic defibrillators (only one documented case) \[[@CIT0015]\]. This confirms that patient management after OHCA requires multidisciplinary action and goes far beyond the activities of medical services alone. Each element of the aid provided to the victim is equally important, as the final outcome may depend on the weakest link in the "chain of survival". The assessment of the circumstances of OHCA translates directly into taking proper resuscitation measures and directing further specialized lifesaving action. Therefore, improving the frequency with which aid is provided to SCA victims by witnesses is of great importance for improving the victims' survival.

Interestingly, the risk of death was observed to be increased when OHCA occurred in public places, which was in contrast with the relevant literature \[[@CIT0006]--[@CIT0009], [@CIT0011], [@CIT0012], [@CIT0014]\]. It appears to be associated with the higher likelihood of CPR being performed by family members when the SCA occurred at home. Moreover, this relationship was not confirmed by multivariate analysis.

Another variable which was found to have statistical significance for the prognosis (though only in basic analyses) was the number of agents used during resuscitation (adrenaline alone = 1 agent, adrenaline + sodium = 2 agents, adrenaline + amiodarone = 2 agents, adrenaline + sodium + amiodarone = 3 agents, etc.). Individuals who received a higher number of agents had a higher chance of surviving until being transferred to a hospital. This issue has been discussed in the literature on several occasions \[[@CIT0004], [@CIT0012], [@CIT0016], [@CIT0017]\]. In the study by Jankowski \[[@CIT0004]\], higher mortality risk was observed among patients receiving adrenaline (OR = 5.63 regardless of dosage). In a study by Dumas *et al*. \[[@CIT0016]\] the use of adrenaline was also associated with worse prognosis (OR = 2.1 for the probability of death for a dose of 1 mg, OR = 3.3 for a dose of 2-5 mg, and OR = 4.4 for doses \> 5 mg). Aschauer *et al*. \[[@CIT0017]\] also created a prediction model for unfavorable SCA prognosis based on only 4 variables: older age, non-shockable cardiac rhythm, longer CPR duration required to restore spontaneous circulation, and larger dose of administered adrenaline. Finally, a study conducted among the inhabitants of Paris demonstrated that the necessity to use more than 3 mg of adrenaline during CPR was associated with a 20-fold increase in the mortality risk \[[@CIT0012]\]. However, other authors suggest that patients who require the administration of adrenaline during CPR have a higher chance of achieving a return of spontaneous circulation, which does not necessarily influence long-term neurological functioning (e.g., according to the CPC scale) or the risk of long-term mortality \[[@CIT0018], [@CIT0019]\]. Repeating adrenaline doses after the cessation of circulation impairs microcirculatory perfusion in the central nervous system and exacerbates already existing metabolic disturbances \[[@CIT0020]\]. This has been reflected in the current guidelines for resuscitation: their authors advise caution when considering the administration of adrenaline \[[@CIT0001]\]. The discrepancy is difficult to explain, but it can be speculated that, in this study, a return of spontaneous circulation during CPR was less likely when cardiac massage and defibrillation were used alone without the need for administrating medication. Also, it is understandable that prognosis is better when the return of hemodynamically sufficient circulation occurs quickly and the CPR is shorter (e.g., when a bystander performs early defibrillation). Formulating more rational conclusions would have been easier if the dispatch cards (the standard Polish emergency medical action cards) contained information about the time between the SCA diagnosis and the administration of adrenaline. This would, however, require systemic action consisting in changing the current forms.

The present study is not free from limitations. Firstly, result generalization is limited by the relatively short time of observation and the lack of territorial differentiation of the victims. Secondly, it is a retrospective observational study and is, therefore, prone to systematic error. Thirdly, the lack of information concerning the potential causes of the cardiac arrest precludes more precise analysis going beyond a typical epidemiological description of the event. Finally, as we have no access to information concerning the course of hospital treatment, no outcomes of patients after their transfer to the Admission Room or the Emergency Room are available.

Conclusions {#S0007}
===========

Non-shockable rhythm of cardiac arrest and no cardiac massage by bystanders constitute mutually independent predictors of prehospital mortality risk in inhabitants of Bielsko County after episodes of sudden cardiac arrest.
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